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SPECIFICATION 

TO ALL WHOM IT MAY CONCERN: 

Be it known that we, Itzhak Shperling 
a citizen of Israel, residing at 8 Miriam-Haneviah St., Bnei-Brak 51583 and 
Country of Israel; 
Noam Amram 

a citizen of Israel, residing at 12 Tchernichovski St., Holon 58382 and 
Country of Israel; 
Reuven Meidan 

a citizen of Israel, residing at 30 Zaiman Shneior St., Ramat Hasharon 47239 
and Country of Israel; 
Sergey Bondarenko 

a citizen of Israel, residing at 21 Hayarden St., Ramat Gan 52281 and 
Country of Israel; and 
Sholomo Barash 

a citizen of Israel, residing at 30 Golda Meir St., Holon and Country of Israel 
have invented a new and useful METHOD AND BASE STATION FOR 
PROVIDING TRANSMIT DIVERSITY, of which the following is a specification. 
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METHOD AND BASE STATION FOR PROVIDING TRANSMIT DIVERSITY 

Field of the Invention 

The present invention relates to wireless communication systems, and more 
particularly, to a method and a base station for providing transmit diversity in a wireless 
communication system. 

Background of the Invention 

A wireless communication system is a complex network of systems and elements. 
Typically elements include (1) a radio link to the mobile stations (e.g., cellular 
telephones), which is usually provided by at least one and typically several base stations, 
(2) communication links between the base stations, (3) a controller, typically one or more 
base station controllers or centralized base station controllers (BSC/CBSC), to control 
communication between and to manage the operation and interaction of the base stations, 
(4) a call controller (e.g., a mobile switching center (MSG)) or switch, typically a call 
agent (i.e., a "soflswitch"), for routing calls within the system, and (5) a link to the land 
line or public switch telephone network (PSTN), which is usually also provided by the 
call agent. 

One aspect of designing a wireless communication system is to optimize the 
performance of forward, link or downlink transmissions. That is, the voice and packet 
data transmissions from a base station to a mobile station. However, multipath fading 
may cause multiple copies of the transmissions to be received at the mobile station with 
time-varying attenuation, phase shift and delay because of multiple reflections on the 
path. 
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One technique to mitigate the effects of muhipath fading in a wireless 
communication channel is error correcting code. Along with error correction code, bit 
interleaving can compensate for bit errors caused by multipath fading. In particular, bit 
interleaving scatters the bit errors among the uncorrupted bits (i.e., "good" bits) so that 
the error correction codes can better correct the error bits interspersed among the "good" 
bits. However, the fading deep attenuation bursts must be short enough to cause a burst 
of bit errors that are much shorter than the bit interleaving period for the error correcting 
code with bit interleaving to be effective. For example, a slow moving mobile station 
(e.g., a mobile station used by a pedestrian or an in-building user) creates slow fading 
receiving channels such that fading bursts on the wireless commimication channel are 
longer than the interleaving period. As a result, the error correction code may not 
compensate for the error bits. 

Antenna diversity is another technique used to reduce the effect of multipath 
fading. In particular, multiple antennas at the reception end, e.g., the mobile station, may 
be used to combine, select and/or switch to improve the quality of the transmission from 
the transmission end, e.g., the base station. However, antenna diversity at the mobile 
station may be restricted by the size of the mobile station. That is, multiple receive 
antennas may be arranged close to each other because of the limited space on the mobile 
station. As a result, the antennas at mobile station are highly correlated and generate 
insignificant diversity gain. Therefore, transmit diversity may be used at the base station 
to provide diversity in the downlink path (i.e., from the base station to the mobile station) 
by using the two antennas normally used for receive diversity in the uplink path (i.e., 
from the mobile station to the base station). 

Forward link or downlink performance may be improved by implementing 
antenna diversity on the transmission end. Wireless commimication system protocols 
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implement a number of transmit diversity protocols. For example, the IS-95 code 
division multiple access (CDMA) protocol may be operable to implement a phase-shift 
transmit diversity (PSTD) without any changes to an IS-95 mobile station. The CDMA 
2000- IX protocol may be operable to implement PSTD without any changes to a CDMA 
5 2000- IX mobile station or to implement either orthogonal transmit diversity (OTD) or 
space time spreading transmit diversity (STS-TD) with a specialized CDMA 2000- IX 
mobile station. As noted above, slow moving mobile stations create slow fading 
receiving channels such that deep fading attenuation bursts on a particular channel may 
be longer than the interleaving depth and may not have enough correct bits for error 

5 

O 10 correction coding. PSTD converts slow fading to fast artificial fading at a phase sweep 
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rate (e.g., 50 Hz) such that the error correction coding with bit interleaving may correct 
the error bits. Thus, applying PSTD to slow moving mobile stations reduces the transmit 
power of the base station necessary to achieve the desired bit error rate of the mobile 
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p station and to enable more mobile stations to be served simultaneously by the base 

□ 15 station, i.e., increasing the average cell capacity. 



Typically, mobile stations have to be adapted to receive particular kinds of 
transmit diversity but some wireless communication system protocols may not be 
compatible with certain transmit diversity protocols. For example, if a mobile station is 
operating imder the IS-95 PSTD protocol then the mobile station is not operable for the 

20 CDMA 2000- IX OTD or STS-TD protocol. As a result, communication system needs an 
overlay between multiple transmit diversity protocols such that multiple transmit diversity 
protocols may co-exist on the same frequency band. That is, a need exists for an overlay 
between the CDMA 2000- IX OTD or STS-TD protocol and the IS-95 PSTD protocol on 
the same frequency band to accommodate, for example, the gradual upgrade from IS-95 

25 PSTD protocol to CDMA 2000- IX OTD or STS-TD protocol. However, the mobile 
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stations operating under CDMA 2000- IX OTD or STS-TD protocol may experience 
degradation because of IS-95 PSTD protocol. 

Therefore, a need exists for avoiding or minimizing the degradation associated 
with multiple transmit diversity protocols operating on the same frequency band. 

5 

Brief Description of the Drawings 

FIG. 1 is a block diagram representation of a wireless communication system that 
may be adapted to operate in accordance with the preferred embodiments of the present 

M invention. 
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^ 10 FIG. 2 is a block diagram representation of a communication cell that may be 
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adapted to operate in accordance with the preferred embodiments of the present 
invention. 

FIG. 3 is a block diagram representation of a base station that may be adapted to 
operate in accordance with the preferred embodiments of the present invention. 



y 15 FIG. 4 is a block diagram representation of a base station that may be adapted to 

operate in accordance with an altemate embodiment of the present invention. 

FIG. 5 is a flow diagram illustrating a method for providing tr2insmit diversity in 
accordance with the preferred embodiments of the present invention. 



20 Detailed Description of the Preferred Embodiments 

Preferred embodiments of a method and a base station for providing transmit 
diversity in a wireless communication system are described. . The wireless communication 
system provides commxmication services to a plurality of mobile stations. In particular, a 
base station provides transmit diversity by generating a first signal based on a first data 
25 stream with a first pilot and a second data stream with a second pilot. That is, the first 
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signal includes the first and second pilots. The first pilot is based on a first orthogonal 
code and the second pilot is based on a second orthogonal code. The first and second 
orthogonal codes may be, but are not limited to, Walsh codes such as WO and W16. The 
base station generates a second signal based on the first data stream with the first pilot 
and the second data stream with the second pilot such that the second signal including the 
first and second pilots is diverse relative to the first signal. Further, the base station 
phase-shift modulates the first signal to produce a phase-shift modulated signal. 
Accordingly, the base station transmits the phase-shift modulated signal via a first 
antenna and the second signal via a second antenna to the plurality of mobile stations. In 
an altemate embodiment, the phase-shift modulated signal may be a first phase-shift 
modulated signal such that the base station may also phase-shift modulates the second 
signal to produce a second phase-shift modulated signal. As a result, the base station 
transmits the second phase-shift modulated signal via the second antenna. The mobile 
station 160 receives the first signal 250 and the second signal 260 as one of ordinary skill 
in the art will readily recognize. 

A communication system in accordance with the present invention is described in 
terms of several preferred embodiments, and particularly, in terms of a wireless 
communication system operating in accordance with at least one of several standards. 
These standards include analog, digital or dual-mode commxmication system protocols 
such as, but not limited to, the Advanced Mobile Phone System (AMPS), the Narrowband 
Advanced Mobile Phone System (NAMPS), the Global System for Mobile 
Communications (GSM), the IS-55 Time Division Multiple Access (TDM A) digital 
cellular, the IS-95 Code Division Multiple Access (CDMA) digital cellular, CDMA 2000, 
the Personal Communications System (PCS), 3G and variations and evolutions of these 
protocols. As shown in FIG. 1, a wireless communication system 100 includes a 
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communication network 1 10, a plurality of base station controllers (BSC), generally 
shown as 120 and 122, servicing a total service area 130. The wireless communication 
system 100 maybe, but is not limited to, a frequency division multiple access (FDMA) 
based communication system, a time division multiple access (TDMA) based 
communication system, and code division multiple access (CDMA) based communication 
system. As is known for such systems, each BSC 120 and 122 has associated therewith a 
plurality of base stations (BS), generally shown as 140, 142, 144, and 146, servicing 
communication cells, generally shown as 150, 152, 154, and 156, within the total service 
area 130. The BSCs 120 and 122, and base stations 140, 142, 144, and 146 are specified 
and operate in accordance with the applicable standard or standards for providing wireless 
communication services to mobile stations (MS), generally shown as 160, 162, 164, and 
166, operating in communication cells 150, 152, 154, and 156, and each of these elements 
are commercially available from Motorola, Inc. of Schaumburg, Illinois. 

Referring to FIG. 2, the communication cell 150 generally includes a base station 
140 and a plurality of mobile stations with one shown as 160. In particular, the base 
station 140 generally includes a first antenna 210, a second antenna 220, a transmitting 
unit 230 and a controller 240. The first and second antennas 210 and 220 are operatively 
coupled to the transmitting unit 230 as described in further details below. In an alternate 
embodiment, a plvirality of antennas may be operatively coupled to the transmitting unit 
230. The transmitting unit 230 is operatively coupled to the controller 240, which 
includes, but is not limited to, a processor 242 and a memory'244. The processor 242 is 
operatively coupled to the memory 244, which stores a program or a set of operating 
instructions for the processor 242. The processor 242 executes the program or the set of 
operating instructions such that the base station 140 operates in accordance with a 
preferred embodiment of the invention. The program or the set of operating instructions 
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may be embodied in a computer-readable medium such as, but not limited to, paper, a 
programmable gate array, application specific integrated circuit, erasable programmable 
read only memory, read only memory, random access memory, magnetic media, and 
optical media. 

5 To provide a plurality of transmit diversity protocols such as, but not limited to, an 

orthogonal transmit diversity (OTD) protocol, a space time spreading transmit diversity 
(STS-TD) protocol, and a phase-shift transmit diversity (PSTD) protocol, the base station 
140 transmits a first signal 250 via the first antenna 210 and a second signal 260 via the 
second antenna 220 to the mobile station 160. In particular, the first signal 250 may be, 

S 

10 but is not limited to, a combination of a first data stream with a first pilot and a second 
g data stream with a second pilot. The first and second pilots may be based on, but not 

gi limited to, orthogonal codes such as Walsh codes (e.g., WO and W16). The second signal 
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260 may be a phase-shift modulated signal produced fi-om a combination of the first and 
second data streams. Accordingly, the second signal 260 may include the first pilot and 
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15 the second pilot. However, the second signal 260 is diverse relative to the first signal 



250. That is, the first antenna 210 and the second antenna 220 are spatially separated 
such that the attenuation and the phase shift of the multiplicative transfer fiinctions of the 
two transmission paths (i.e., "channels") associated with the first and second signals 250, 
260 are distinct and independent of one another as possible. Further, if the two 

20 transmission paths of the first and second signals 250, 260 are uncorrelated (i.e., 
including statistically uncorrelated fading amplitude and phase fluctuations) then a 
transmit diversity gain may be generated. The transmit diversity gain is dependent on the 
correlation of the channels (i.e., a correlation factor) such that the transmit diversity gain 
monotonically decreases as the correlation factor increases. For example, the transmit 

25 diversity gain reaches its maximum potential when the channels are fiiUy uncorrelated. 
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i.e., a correlation factor of zero. Accordingly, a correlation factor of one (1) (i.e., the 
channels are fully correlated) results in no transmit diversity gain or even a loss. 

Referring to FIG. 3, the first signal 250 is transmitted by the first antenna 210, and 
the second signal 260 is transmitted by the second antenna 220. The two antennas 210, 
220 are spatially separated so that the transfer functions of the two transmission paths 
(i.e., channels) to a mobile station may be as independent as possible thus providing 
spatial diversity. That is, the two signals transmitted via the channels may have two 
statistically uncorrelated fading amplitude and phase fluctuations to enable transmit 
diversity gain. 

As shown in FIG. 3, the base station 140 generally includes a first antenna 210, a 
second antenna 220 and a transmitting unit 230. In particular, the transmitting unit 230 
generally includes a first data source 310, a second data source 320, a first combination 
circuit 330, a second combination circuit 340, and a phase-shifl modulator 350. The first 
combination circuit 330 is operatively coupled to the first data source 310, the second 
data source 320, and the phase-shifl modulator 350. The phase-shift modulator 350 is 
operatively coupled to the first antenna 210. The second combination circuit 340 is 
operatively coupled to the first data source 310, the second data source 320, and the 
second antenna 220. 

A basic flow for providing a plurality of transmit diversity protocols that may be 
applied with the preferred embodiment of the present invention shown in FIG. 3 may start 
with the first combination circuit 330 generating a first signal based on a first data stream 
from the first data source 310 and a second data stream fi*om the second data source 320. 
In particular, the first data stream includes a first pilot based on a first orthogonal code 
and the second data stream includes a second pilot based on a second orthogonal code. 
Each of the first and second orthogonal codes may be, but is not limited to, a Walsh code. 
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For example, the first combination circuit 330 may combine the first data stream and the 
second data stream to produce the first signal, which includes the first pilot and the 
second pilot. Further, the first signal is phase-shift modulated by the phase-shift 
modulator 350 to produce a phase-shift modulated signal. In particular, the first signal 
may be combined with a phase-shift parameter such that the first signal is phase-shift 
modulated to provide a mono tonic phase sweep of approximately 360° or a non-zero 
integer multiple of approximately 360° in one bit interleaving period. For example, the 
bit interleaving period for the IS-95 protocol may be 20 millisecond (msec) frames. Thus, 
the phase-shift period may be 20 msec or an integer fi-action of 20 msec. Accordingly, 
the first antenna 210 transmits the phase-shift modulated signal. The second combination 
circuit 340 generates a second signal also based on the first data stream fi-om the first data 
source 310 and the second data stream fi-om the second data source 320. However, the 
second signal is diverse relative to the first signal. For example, the first signal may 
include the first pilot based on a WO Walsh code and the second pilot based on a W16 
Walsh code whereas the second signal may include the first pilot based on a WO Walsh 
code but the second pilot based on a negative W16 Walsh code. The second antenna 220 
transmits the second signal. Thus, a mobile station receives the phase-shift modulated 
signal and the second signal as one of ordinary skill in the art will readily recognize. 

Implementation of the CDMA 2000- IX Space-Time Spreading Transmit 
Diversity (STS-TD) standard may require two STS signals (e.g., STSl and STS2) to be 
transmitted separately by two transmit antennas (e.g., TxAl and TxA2). For example, the 
transmit antenna TxAl may transmit the signal STSl and the transmit antenna TxA2 may 
transmit the signal STS2. The content of the two STS signals STSl and STS2 are based 
on the CDMA 2000- IX STS-TD standard. Implementation of the CDMA 2000- IX 
Orthogonal Transmit Diversity (OTD) may also require two OTD signals (e.g., OTDl 
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and OTD2) to be transmitted separately by the two transmit antennas (e.g., TxAl and 
TxA2). Based on the CDMA 2000- IX STS standard, the signal OTDl includes the odd 
numbered data symbols whereas the signal OTD2 includes the even numbered data 
symbols. 

Referring again to FIG. 3, in one application to provide CDMA 2000- IX space 
time spreading (STS) transmit diversity in combination with PSTD, the first data source 
310 is adapted to provide an IS-95 compatible signal, i.e, a signal including a primary 
pilot using Walsh code WO and the CDMA 2000- IX signal STSl as described above. 
The second data source 320 is adapted to provide the CDMA2000-1X signal STS2 as 
described above and a diversity pilot using Walsh code W16. These signals are 
combined, e.g., summed, for transmission from the antenna 210. These signals are also 
combined, e.g., subtracted, and phase-shift modulated for transmission from the antenna 
220. 

To provide CDMA 2000-lX orthogonal transmit diversity (OTD), the first data 
source is again adapted to provided an IS-95 compatible signal including a primary pilot 
and the CDMA 2000- IX signal STSl. The second data source 320 is adapted to provide 
a CDMA2000-1X compatible signal including a diversity pilot and the CDMA 2000- IX 
signal STS2. 

An IS-95 compatible mobile station receives an IS-95 compatible sum of the 
signals transmitted via the antennas 210 and 220. Because of the introduced phase-shift 
modulation (i.e., phase sweep), the sum of the two signals arriving from the two antennas 
210 and 220 (i.e., a received signal) has PSTD induced fast fading. The received signal is 
then demodulated and decoded by the IS-95 mobile station. The received signal may be 
represented for a general phase sweep fiinction, p(t), based on time t as: 

R(t) = S(t) [Ca+Cb expG p(t)] 
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The received signal may be represented for a linear phase sweep as: 
R(t) = S(t) [Ca+Cb exp(j27iFswt)] 

Where: R(t) is the received signal, S(t) is the transmitted IS-95 signal, Ca and Cb 
are the communicated channels from the antennas 210 and 220, respectively, to the 
mobile station, t denotes time, p(t) is the general phase sweep function of time t, and Fsw 
is the phase sweep frequency deviation, which may be non-zero integer multiples of 50 
Hz for IS-95 20 msec frames. 

For a mobile station adapted to for either CDMA 2000- IX OTD or STS-TD 
transmit diversity, the two new equivalent channels (i.e., Ci and C2) received by the 
mobile station may be represented for a general phase sweep ftinction of time t, p(t), as: 



The new equivalent channels may also be represented for a linear phase sweep 
with a frequency deviation Fsw as: 
Ci = Ca + Cb exp(j27i:Fsw) 
C2 = Ca - Cb exp(j27cFsw) 

Where: Ca and Cb are the communicated channels from the antennas 210 and 220, 
respectively; t denotes time, p(t) is the general phase sweep ftinction of time t and Fsw is 
the lineeir phase sweep frequency deviation, which may be non-zero integer multiples of 
50 Hz for IS-95 20 msec frames. 

For example, if the linear phase sweep frequency Fsw is zero (0), i.e., no phase 
sweep, the new equivalent channels received by the mobile station may be represented as: 



Ci = Ca+Cb expO p(t)) 



C2 = Ca - Cb expO p(t)) 



Ci — Ca"*" Cb 



C2 — Ca - Cb 
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The new equivalent channels Ci and C2 will have zero cross-correlation whenever 
the original channels Ca and Cb have zero cross-correlation. When the original channels 
are correlated, i.e., the channels have non-zero cross-correlation, it can be shown that if 
Ca and Cb are correlated Rayleigh fading channels with symmetrical power spectral 
density around the carrier center frequency (i.e., complex random variables whose real 
and imaginary parts are independent and identically distributed Gaussian random 
processes), the cross-correlation of the new equivalent channels Ci and C2, will be zero. 
Even if spectral density symmetry does not hold, a reduction in correlation may be 
achieved, i.e., the correlation of Ci and C2 may be smaller than the correlation of Ca and 



In an alternate embodiment, the transmitting unit 230 may include two phase-shift 
modulators such that the second signal from the second combination circuit 340 may also 
be phase-shift modulated. Referring to FIG. 4, the transmitting unit 230 includes a first 
data source 410, a second data source 420, a first combination circuit 430, a second 
combination circuit 440, a first phase-shift modulator 450, and a second phase-shift 
modulator 460. The first combination circuit 430 is operatively coupled to the first data 
source 410, the second data source 420, and the first phase-shift modulator 450, which in 
turn, is operatively coupled to the first antenna 210. The second combination circuit 440 
is operatively coupled to the first data source 410, the second data source 420, and the 
second phase-shift modulator 460, which in tirni, is operatively coupled to the second 
antenna 220. 

A basic flow for providing a plurality of transmit diversity protocols that may be 
applied with the preferred embodiment of the present invention shown in FIG. 4 may start 
with the first combination circuit 430 generating a first signal based on a first data stream 
from the first data source 410 and a second data stream from the second data source 420. 



Cb. 
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Accordingly, the first signal is modulated by the first phase-shift modulator 450 to 
produce a first phase-shift modulated signal, which in turn, is transmitted via the first 
antenna 210. The second combination circuit 440 generates a second signal also based on 
the first data stream firom the first data source 410 and the second data stream fi-om the 
second data source 420. However, the second signal is diverse relative to the first signal. 
Further, the second signal is phase-shift modulated by the second phase-shift modulator 
460 to produce a second phase-shift modulated signal. The second antenna 220 transmits 
the second phase-shift modulated signal. As a result, a mobile station receives two phase- 
shift modulated signals, i.e., the first and second phase-shift modulated signals. 

In accordance with the preferred embodiments of the present invention, and with 
references to FIG. 5, a method 500 for providing a plurality of transmit diversity 
protocols in a wireless communication system is shown. Method 500 begins at step 510, 
where a controller of a base station generates a first signal based on a first data stream 
including a first pilot and a second data stream including a second pilot. That is, the first 
signal includes the first and second pilots. For example, the controller may combine the 
first data stream and the second data stream to produce the first signal including the first 
and second pilots. The first and second pilots may be based on, but are not limited to, 
orthogonal codes such as Walsh codes (e.g., WO and W16). At step 520, the controller 
generates a second signal based on the first data stream and the second data stream such 
that the second signal is diverse relative to the first signal. Even though the second signal 
is diverse relative to the first signal, the second signal also includes the first and second 
pilots. At step 530, the controller phase-shift modulates the first signal to produce a 
phase-shift modulated signal. That is, the controller combines the first signal with a 
phase-shift parameter to produce the phase-shift modulated signal. For example, the first 
signal may be phase-shift modulated with a phase sweep of an integer multiple of 360° 
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over one bit interleaving period. A linear phase sweep of 360*" degrees over an IS-95 bit 
interleaving period of 20 msec results in a 50 Hz phase sweep frequency deviation. In an 
alternate embodiment, the phase-shift modulated signal may be a first phase-shift 
modulated signal such that the controller may also phase-shift modulate the second signal 
to produce a second phase-shift modulated signal. The first and second phase-shift 
modulated signals are phase-shift modulated with a phase sweep of an integer multiple of 
360'' over one bit interleaving period. For example, the first phase-shift modulated signal 
may be phase-shift modulated with a phase sweep of 180° in a direction and the second 
phase-shift modulated signal may be phase-shift modulated with a phase sweep of 1 80° 
in an opposite direction. At step 540, the controller transmits the phase-shift modulated 
signal via a first antenna. At step 550, the controller transmits the second signal via a 
second antenna. As noted above, the second signal may be phase-shift modulated in an 
alternate embodiment such that the second antenna may transmit the second phase-shift 
modulated signal. Accordingly, the base station provides transmit diversity with the first 
and second antennas. 

Many changes and modifications could be made to the invention without 
departing from the fair scope and spirit thereof. The scope of some changes is discussed 
above. The scope of others will become apparent fi-om the appended claims. 
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